The aim of this study was to develop a typing scheme for Pseudomonas pseudomallei by comparison of patterns of restriction fragment length polymorphisms in rRNA genes (ribotyping). BamHI restriction digests of 100 isolates from various animal (34), human (58), and environmental (6) sources, including six reference strains, were hybridized to Escherichia coli 16S and 23S rRNAs. A chemiluminescent labelling and detection system was used to visualize bands. On the basis of patterns, the strains were classified into 22 different groups, with the largest containing 29 isolates. While most of the ribotypes were not exclusive to a particular source, some ribotypes were restricted to a particular geographic area or to either a human or a particular animal species. Application of the typing scheme to isolates of four independent outbreaks among animals showed that certain ribotypes predominated. The study demonstrated ribotyping to be a useful tool in epidemiological investigations of melioidosis.
Pseudomonas pseudomallei is the causative organism of melioidosis, a disease of humans and animals which is endemic in Southeast Asia and northern Australia (14) . The bacterium persists in deep, moist clay layers of soil during the dry season, from where it colonizes the surface layers during the annual rains (34) . Melioidosis affects principally humans, sheep, goats, and pigs, and opportunistic infections occur in other animals (17) . In Australia, the first human case was described in 1962 by Rimington (30) , although the disease had already been recognized in animals since 1950 (12) . Animal-to-human transmission has not been proven. It is thought that infected animals may, however, play a role in dissemination of the organism in new environments (13) . In humans, melioidosis is acquired mainly by contamination of pre-existing skin abrasions (or ulcers) with soil and water or by inhalation of dust particles (23) . A notable increased incidence of human melioidosis cases in Australia was observed recently during the 1990 to 1991 wet season in the Darwin and Townsville regions (2, 4) .
Epidemiological studies of P. pseudomallei have been hampered in the past by the lack of discriminatory typing methods. Serotyping has identified two P. pseudoomallei serotypes (I and II) based on the heat-stable 0 antigen (10) . Strains of type II were restricted to Australia, whereas type I was found both in Southeast Asia and in Australia (15) . No other typing scheme for P. pseudomallei has been described. A more discriminatory typing method is necessary to elucidate the mode of acquisition of infection and to explain unanswered epidemiological questions, particularly in areas where the organism is highly endemic (13) .
Grimont and Grimont (16) proposed ribotyping as a general method for bacterial identification. Hybridization of rRNA from Escherichia coli to restriction endonucleasedigested DNAs from 41 different bacterial species showed that each species could be identified by a specific pattern of hybridization. Ribotyping has been found to be increasingly useful for molecular identification (27) and also for discrimination between bacterial isolates (19, 32, 35 (18) , and Helicobacter pylori (33) .
The purpose of this study was to establish a ribotyping scheme for P. pseudomallei and to apply the scheme to the investigation of epidemiologically related isolates. Most of the P. pseudomallei strains used were isolated in Australia, although this study also included a number of reference and Southeast Asian strains.
MATERUILS AND METHODS
Bacterial strains. The origins of the 100 strains used in this study are given in Table 1 . Epidemiologically related strains are further described in Table 2 . Strains NCTC 1691, NCTC 4845, NCTC 4846, NCTC 6700, NCTC 7431, and NCTC 7383, included in this study, were described by Brindle and Cowan (8) of the National Collection of Type Cultures, London, England. Strains were identified with Microbact 24E (Disposable Products Pty. Ltd.). Isolates were regularly screened for purity with Ashdown's selective medium with the antibiotics omitted (3).
DNA preparation. Total chromosomal DNA was extracted as described by Pitcher and coworkers (28) . The procedure was modified by addition of an overnight proteinase K (100 ,ug/ml) treatment at 65°C after the initial lysozyme (10 mg/ml in Tris-EDTA, 10 mM Tris-HCl, 1 mM EDTA, pH 8)-anddetergent (sodium dodecyl sulfate, 1%) treatment. DNA yields and purity were determined spectrophotometrically at wavelengths of 260 and 280 nm. DNAs of inadequate purity or which failed to be digested were further purified by proteinase K treatment (65°C, 2 h), phenol-chloroform extraction, and precipitation as described above.
Restriction enzyme digestion. DNA was digested as described by Ausubel and coworkers (5) , in TA buffer (26) with four restriction enzymes-PstI, HindlIl, BamHI, and EcoRI (New England BioLabs Inc.). BamHI was the most discriminatory (data not shown) and was used to digest all of the isolates thereafter. THP306  THP309  THP327  THP329  THP398  THP403  THP404   THP301  THP363   THP396  THP397   THP307  THP380   THP311  THP371   THP446  THP362   THP373  THP374  THP412   THP389  THP390  THP391  THP392   THP421R  THP430   THP406  THP411  THP432   THP425   THP443 Twenty-two rDNA patterns (ribotypes) were identified among the 100 isolates of P. pseudomallei included in this study ( Table 1 ). The patterns are presented in a normalized graph in Fig. 1 . The band numbers ranged from four to nine in the molecular size range of 2,000 to 24,100 bases. The standard deviation of bands with molecular sizes greater than 9,000 bp was 2 to 5%, and that of bands with molecular sizes ranging from 2,000 to 9,000 bp was 0.1 to 1%. Ribotypes of epidemiologically related groups of isolates are described in Table 2 . On three properties, common ribotypes were isolated from animal cases that occurred at a particular location at the same time. At the Ravenshoe piggery, a different ribotype was isolated a year after the initial cases (Fig. 2) . Two different ribotypes were identified in three cases of melioidosis at a Charters Towers piggery.
The percent relatedness based on the 22 ribotype patterns is presented in a dendrogram in Fig. 3 . The patterns clustered into three groups at the 75% level of relatedness, which represents the level at which the patterns differ by three or more bands. Ribotype 1 strains formed a single cluster. The remaining types clustered into two groups, one containing types 9, 10, 12, 13, and 19 and the other including a large number of patterns, most of which had minor differences in band numbers and molecular weights.
DISCUSSION
In the past, discrimination among P. pseudomallei strains has been limited, owing to the lack of suitable typing methods. Early serotyping studies of P. pseudomallei strains identified two serotypes, of which one was present in Australia and Southeast Asia and one was present in Australia only (15) . Four isolates ribotyped in this study were serotyped by Dodin and Fournier (15) (24) . Ribotyping is particularly advantageous for characterization of strains collected over extended periods of time. The method is also more dependable in the investigation of disease outbreaks than are more traditional methods, such as plasmid profile analysis and antibiotic susceptibility testing. rDNA patterns are not sensitive to antibiotic pressure, and they are not dependent on susceptibility to bacteriophages. No reports of any traditional typing methods being applied to study outbreaks of melioidosis have been published. The use of a nonradioactive probe detection system, such as chemiluminescence, allows ribotyping to be used in well-equipped regional laboratories, where patterns can be compared with those represented in the schematized graph in Fig. 1 . In this study, we describe the first comprehensive typing system for P. pseudomallei obtained by using ribotyping in which 22 types were identified among 100 isolates of P. pseudomallei from diverse origins.
There is no standard definition of clonality based on restriction fragment length polymorphism analyses. Prevost and coworkers (29) concluded from a study of S. aureus that pulsed-field gel electrophoresis patterns were distinct if the number or molecular weights of bands were visibly different. Koblavi and coworkers (22) considered that any differences in V. cholerae ribotype patterns indicated individual clones. In addition, the epidemiological relatedness and clonality among isolates have been determined by analysis of clusters generated in dendrograms (9, 35) .
In this study, three clusters of patterns were clearly distinct at approximately 75% or less relatedness. Ribotype patterns in the clusters differed by three or more bands.
Cluster A included a large subgroup of strains of diverse origins with ribotype patterns with 90% or greater relatedness differing in the molecular weights of one or two bands or by the presence of an extra band. Some of these ribotypes were restricted to a particular host species, geographic area, or period of isolation. Two ribotypes were restricted exclusively to Southeast Asia, and further typing of strains is required to demonstrate relationships among isolates from a specific region and to identify the emergence of new types. Cluster B included only Australian isolates. These originated from northeastern Australia, suggesting association of a specific clone with a particular geographic area. Overall, the greater diversity of ribotypes among the Australian P. pseudomallei isolates may be due to the larger number of Australian isolates included in this study, although a greater diversity of Australian strains has been suggested previously with serotyping (15 (11) . In this study, common ribotypes were found among human and animal melioidosis isolates, indicating that the environment is a likely common reservoir and/or that animal-human transmission cannot be disregarded. Ribotyping could be a useful tool for investigation of this transmission route in the future. Some ribotypes were specific to a particular species, although insufficient strains were included to allow species specificity to be concluded.
The potential of ribotyping as an epidemiological tool was evaluated by using isolates from animal melioidosis cases from four properties. A common ribotype was identified in each of the four properties studied. In the Charters Towers piggery, not all of the strains investigated were of the same ribotype, indicating that different P. pseudomallei strains can be involved. Four strains from lambs from adjacent properties in Western Australia (20) were of the same ribotype. This indicated that a common source was responsible, e.g., an infected animal or environmental source. Analysis of isolates from the piggery in Ravenshoe showed that a strain isolated from a melioidosis case a year later was not the same ribotype. In a similar epidemiological study of isolates from four outbreaks of human shigellosis, ribotyping identified common strains involved in outbreaks of different geographic locations and in outbreaks in the same location at different times (18) . Although little epidemiological information accompanied the limited number of cases included in this study, ribotyping discriminated and selectively grouped strains of P. pseudomallei from groups of isolated animal cases.
In conclusion, ribotyping is a useful method for typing strains of P. pseudomallei. The potential as an epidemiological tool should be further evaluated by using a larger pool of epidemiologically related isolates accompanied with known clinical and geographic details. Work is in progress applying this molecular typing method to a large group of human clinical melioidosis and environmental isolates of P. pseudomallei isolated during an epidemic of melioidosis in northern Australia in the 1991-1992 wet season (2) .
